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ABSTRACT
The next generation spamxdl  is reducing the power, mass and

volume envelope for the power system. The Power Management
and Distribution (PMAD)  firnction has traditionally been the
hugest consumer of power system rdlomtions (excluding the
source.) on  t%stil, PMAD was 75V0 of the ahxdcd power,
volume and mass for the pvcr conditioning equipment. The
next generation apwxmtl  has defined the need for poww
ayatean miniaturhtion and multi-mission adaptability.
~ w fimctionrd block provides pOWCI  COfMXSh and the

load switching interface between the user and the povmr  system.
Pow conversion will provide the user specified voltages and
interrud  PMAD house keeping power. Every load is conrL@ed
via a power switch which protects the system fi-om load ftmlta
and providc9  telemetry. A command intcrfhce  is provided to
mntrol the switches and access telemetry.

The PMAI)  miniaturization approach is to reduce the size
without hsing system flexibility The functions of PMAD  can be
lnuken down to repeated fimctions and system speeifrc firnctions.
The repeated functions are candidate-s for in—accam“ble
pa&@ng  techniques such as hybridimtion  and mixed signal
ASICs.  The system specific fmctions must utilize pdaging
techniques tilch are either accessible or progmmmable.

The load switching function is rcpcatcd for every load on the
~. CaSSini  used a first generation hybrid powm switch
(SSPS). The SSPS is designed specifically for the C&&d
_ ‘Ihe m=t generation power switch will be a aimplcx
version with the capability to switch different voltagm on either
the high or low side. llc new topology permits different switch
Vmf@rations  to accmnrnodatc specific load requirements. The
switch will still provide the tclcmctry and fault protection
required for each load. The added flexibility will increase the

functional adaptability of the PMAD functional block to
&f&ent  load classifications.

POW conversion contains both repeated functions and system
specific fimctbs. “Ihe pulse width modulation (WI@ and
aydmwus  rectification arc repeatable among difkrent  pow
eonvtzta-a. The power transformer, inputioutput frltcra and
amtrol feedback loop are aczcssible outside of the hybrid. The
hybrid can be used in different topologies to optimize
@~ fm difkrent  system requirements. The hybrid
power eonvater  combines high density packaging with system
design flexibility without sacrificing efilcicncy.

l-he command intcrfhce is a mission specific firnction.  Recent
developrnads  in field programmable gate arrays (PPOAS)  have
provided a means for miniaturizing the canrnand intcrfaw
with~ sacrificing the system flexibility. The FPGA is
impmtant to maintaining multi-mission capability without
invoking a cm-nmand  interfhce standard.

The next generation PMAD  is rmswcfing the challenges from
the %ster-better+heaper”  mission profiles. The high density
pack@ng combined with design flexibility provides a fictional
PMAD building block for the power system. The next
genera&n PMAD provides system adaptability without

aactificing POW, mass and volume.

THE NEXT GENERATION SPACECRAFT
The challenge of the next generation spammft is to shrink the

power, mass and vohunc  envelop while maintaining a certain
amount of ays@n level flexibility for a multi-mission capability.
The next generation spacecraft will be used for multiple
missions. Fach mission will have different requirements

The next generation spacecraft requires a reduction in power
electronics mass by 650A, volurnc  by 80°/0, and parts count by
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FIGURE 1- POWER SYSTEM MASS TREND

90??. Thetrend  for JPLspacec& crmbc~in Figuml.  To
gain the maximum voltic and mass efficiency the powm
electronics will be packaged in the same multkhipmrx$ule
(MCM)  stack as other avionic equipment. Additionrdly,  physical
interfaces must be standardimd  within the eonccpt of the MCM
stack.

Standardization of power inte&IM9 on a spacecd  or even
over several missions has always beCXI  allusive. tiough
requirements are placed on the loads, each and every load ends
up with specif’lc req “Wmentswhich  smunique.  -fhishaskeerl
one reason fbr the hmcased number of power converters
rkigned  internrd to the loads. The concept of eentdizing  that
fimction within the power system while maintaining the
flexibility to deal with unique load mquiremcnts  is very
attractive because it redlrccs the amount of hardware on the
~ ~S is one way to help reduce the mass, volume, and
parts e-ount  required for the pwer electronics  on the next
generation spamcdl

Unfortunately, analog technologia  such  ss power electronics
have not seen such advances in high density packaging as in the
digital technologies. lIigh  density analog packaging techniques
available today, such ss hybrids and mixed signal application
specific integrated circuits (ASIC),  have high non-recurring
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cngineerirrg  (NRE) W3ts.  In order to mezt the cost emstraints
imposed by tOdSy’S  W3m3mieal  environment  th= ~ COStS
must be spread over a number of missions thus imposing a
de-sign architecture which can be repeated from mission to
mission.

The p$nver system functions must be divided into those which
are repeated throughout the subsystem snd those which are load
or mission specific. lhe repeated fimetions can h placed in
high dendy pack@ng in which the NRE costs are an acceptable
tradcto  reduccthe massand volume of thepower system. The
power system is developed around these fi-uwtions.

The load spmific fimctions must be packaged in a way which is
accessible within each MCM slice. These firnctions will provide
the intcrfhce fm the rqeated  fimctions.

NEXT GENERATION POWER SYSTEM
The next generation power systcm is a modular design which

utilims high density parhging.  The basic architecture can be
som in Figure 2. This power system is expandable and flexible
to satisfy the varied fWre mission requirements.

The POW system is divided into four fictional areas. Ike
Source/IInergy  storage provides the raw po~cr to Power Control.
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FIGURE 2- POWER SYSTEM BLOCK DIAGRAM

Power Control defiieg the pow bus which is distributed to the chargcAlisdarge cycle. Power Control will provide. control of
PMAD and Pyro Eleclmnkr  modules. ‘flrc engineering data bus
is distributed to each module which requires cornrnrur ds and
telcmc~.

SOURCHENERGY  STORAGE
The aounx and _ storage requirements are ditlkrent  for

each rnisaion. Tlle3c~ts WY im~t the design of
Powcl CkIrltrol  .

The power aourcc of the next geswation  spmemft  is primarily
Solar Arrays though some missions may only b achievable with
a mdioiaotgrpe power  aourec.  The size. and number of the solar
arrays Will vary * mission  to mission. Deep space missions
have diffkrent  r-equirermmta  than near Earth missions due to the
large variations in Solar Intensities and temperature ranges.
Some miaairms  may require peak power tracking of the solar
arrays inordermaximiu the power output. others may only
require a direct en&gy tranafm system.

Many aystema will require energy  storage such as a battery to
provide energy during times Men the Solar  Array power is not
sufficient. ,A battery ~em will require strict mntrol  of the

the battexy. The charge control algorithm also varies with the
type of battery and thus the need for flexibility in the
chrrrgrAlischarge  control scheme.

Due to the inabtity of solar arrays to generate sufficient power
far from tlw ~ some deep apace missions will require a
radioisotope power aourm. The-se sources require Power Control
to act an optimum operating point to maximize output power.

POWER CONTROL
POW  control will provide mission specific firnctions such as

power conditioning and bus regulation. other fimctions which
exist on all missions  are power bus fault protection and
cornmrmd intexfacz  and telcmeby.

Difl&mt  SOWC@ require different power conditioning in power
control. MIA near Ruth  missions WiII have more power to
handle than the deep space missions. Missions fwthcr from the
Earth must be able to handle the extremes of power generated by
the solar array as the sun distance changes. The power



conditioning fimction of IXNW control must optimkz  the source
capbility  though the mission.

Power control pmtidcs the power bus fault protdion.  This
fimction will vruy from mission to mission but there are some
fundamental fault protection fcatorcs in every pow system.
These fimctions such as bus under and ova voltage proteetioo
will reside in power control.
Power control will interfhce directly to the qinedng  data bus

o n  t h e  speemft. Coremands and telemetry are provided
through this interface. An example of Commands required
would be charge control settings fbr the battery.

PYRO ELECTRONICS
The pwr system traditionally provides the pyrotechnic

commanding fimction on the spaeemR  The command interb%
is direct link to the engineering data bus. Pym enable and event
commands as well as telemetry. The command and telemetry
intcrfacz for the Pyro Electronics can be the same interfkce used
for the other power syxtcm fimctions.

The Pyro Driver interface kign is detemid by the
technology of the squibs and actuators used on the spammft  It
is envisioned that the switching technology fhn the PMAD
fimction  can be utilimd here to actuate the pyro devices. Design
of this function will be dependent on pyro aquii development.

J

PMAD
Ihe  PMAD function is to provide FOWCf conversion, load

switching and fault protection. I%ch Ph4AI)  module is

designed the same with a minimfd set of components accessible
to allow tailoring of the module to the loads. The number of
PMAD moduks depends on the number of loads and the total
power of the spaceaaft

PMAD eontaim its own power converter which converts the
power bus voltage to the load spccitied voltage. It has the added
capability to provide auxiliary outputs for house keeping power
as well as low power loads.

The load switching is acmmplishcd by 16 power diskibution
switches. lle PMAD switch cxmf@ration  can altered to meet
critical load requirements and provide cross-strapping between
two modules. Each switch provides a amtrolled interface with
the loads as WC1l as individual load fault protection.

The cmnrnanding  and telemeky fimction is acassed  directly
with the inginccring  data bus via the command interface.

PMAD FUNCTIONAL DESCRIPTION
The PMAD primary fimction  is to provide the load interface

with the main pwcr bus. PMAD is divided into three
functional areas: Dowcr conversion, load switching and
command intcrfa& ~ seen in Figure 3.
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FIGURE 3- PMAD FUNCTIONAL BLOCK DIAGRAM
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POWER CONVERSION
Power conversion converts the power bus voltage to the load

specified voltages. lhe power &mvertcr  consists of a hybrid
control circuit with a discrete power transformer, control cimuit,
input filter and output filter.

The hybrid control circuit contains all of the switching
fimctions of the DC to DC cmw~. Inside the hybrid is the
PWM controller and a synchronous rectifier for the primary
output The power converter switching fi-cqumcy  can be
synchronized fkom 50 to 200 KHz.

The primary output of the cxmverter is the specified voltage
with the highest load. This output has the advantage of a
synchronous rectifier which provides highcs eflici&cy  at a high
load current (O to 10A up to 50 W). The voltage range of the
Pm outPut is 2.5 to 12 V&. lhe output regulation is 1%.
The overall efficiency of the powa  conveatef  with a single
output is greater than 90% for a output power range of 8 to 30
w.

‘Ilc primary output is part of the main control loop of the
power converter. The control loop response can lx modified to
meet specific load requirem@s. The power converter
compensation is reduced to a linear cantrol problem similar to
opamp stabilization.

Additional voltages are available as auxit@ whdings on the
main power transformer. The auxilimy  outputs will require a
post regulator. The house keeping prover of the W module
is derived km an auxiliary output Additional low power loads
can be provided by an auxiliruy output.

The input filter is dcs@ed  to meet the powcf bus impdrmw
and noise requirements. The filter design is &&mined  by
requirements imposed by the Pow (%nt.rol to ensure the power
bus stability. The input voltage range of the cmverta is 20 to
50 Vdc.

The output filters are * to meet the output ripple
requirements of the loads. The fitter design wjll change h
module to module on the same spamxdl

LOAD SWITCHING
Ilre load switching fuction  provides a controlled interfkce to

the load with fault protection, cormnan dabdity, and telemetry.
Load switching is accomplished by 16 power switches. Each
switch has a mixed signal ASIC, powrx mosfet  and a
transformer. Four independent switches arc hybridized in a
single package.

Ihe controlled intcrfkce altows multiple loads to be cmme@ed
to the same powwr  converter. The soft start fimcticm enables a
load to be turned on without affding the output voltage
provided to the other loads from the same W module.

The current limit fuction  provides control during a load fiudt
others loads on the same power converter are not affizted while
PMAD clears a fault. The rnaximurn eurrent islirnitcdto  4A
per switch.

The trip level is determined by an * curve. This function
forces tic switch to trip faster for higher fault currents. ‘he
level is determined by an external resistor. The level is
cxxrfigurablc  to the amount of energy storage available in the
systcrn.

Each load is individually COmmandable. This allows for tighter
power management in flight which is ncmsary  for deep space
missions with limited power.

Load current telemetry is a available for each switch. The
telcrnctry is provided as a 8 bit digital scrird word which can be
clocked out by the command interfhce. The tclcmeby is a tri-
state output which can be bussed together with all the switches
in the PMAD module.

Switch power is provided by the PMAD house keeping power.
The input voltage range is from 5 to 35 Vdc. The internal power
conversion allows the switch to be used in different
configurations. The PMAD.  is able to switch the high or low
side of the load.

The power mosfet is an N4an.nel  device with a maximum on
resistmce of 50 mohm. Switches can be connected in paratlel to
reduec the voltage drop for high current loads. It also can
configured for a scrkdprmdlel  or bidircdionrd connection to the
load. Additionally, these switch= - be COn@urcd in various
ways to med critical load requirements or to provide need cross-
Strapping between loads.

COMMAND INTERFACE
The command interface is provided by a line driver/reeeiver

anda FPGA Thkfunctioni  stopmvideadirect  link to the
engineering data bus. The line driverh-eceiver is outsi& the
FPOA to be adaptable to the diffizcnt data bus specifications.
some spacecmft may rcqqire an isolated intcrfkee with the data
bus.

The FPGA provick the command and telemetry interface to
the switches. “Ile commands thm  the data bus are decoded and
sent to the power switch.

The telemetry is clocked out of the povmr  switch and converted
to the appropriate data bus f-

The FPGA also calf- the loadshcd  rmd power on reset
(POR) confQurations  of the power switches. The FPOA will
turn certain switches (m following FOR The FPOA will invoke
the loadshed canrnand received fi-om  the undervoltage fault
protcdion circuihy in power cxmtrd.

PMAD DESIGN APPROACH
The PMAD design approach is to separate the repeated

firnctions fkom system specific fimctions.
All Ycpcstcd functions are to be either hybridized or covered in

a mixed signal ASIC.  These parts are to br used for multiple
missions. They are the basic building block of the PMAD
module.

Imad specific fitnctions which use discrete components
available by packaging these discrete componcds  in an
accessible marmerexternrd tothehybrid  ormixedsignal ASIC.
These mrnponcnts can be altered to allow cwtonmm“ tion of the
power intcrfhce to the loads.

System level data bus intcrfhce requircrmmts  are satisfied by
the reprogramming of a FPGA.  This allows for recontlguration
of the intcrfiiw from mission to mission.

The PMAD module integrates into a package as onc or more
slices in a MCM stack. The exact description and physical
interface of this MCM stack will be defined by the next
gcncmtion spamcraft architecture t~:_l~e PMAD architecture.

. . . . .



deseribed  above will rdlow easy transition of the firnctions of
PMAD into the physical reality of the defined MCM stack.

PMAO CONFIGURATIONS
The flexibility of the PMAD design allows for many difkrent

cxmfigurations  of the modules. The combination of accessible
and high density paek@ng allow for many emf@rrations  of the
PMAD module. The PMAD is .qx.cifieally designed to integrate
into many different povnz system topologies. The modules ean
be located ecntmlly within the physiezd  eonf’ines of the powm
system MCM stack or within the user MCM stack.

SUMMARY
‘k PMAI)  module is combining high density packaging

teclmiq~ such as hybridization, mixed signrd  ASICS and
FF’OAa to meet the ehrdlenge  reducing of the size of power

The PMAD tign is maintaining lCVC1 of flexibility which  ean
bccustdmd to special load requirements. The flexibility will
uMmately  improve the overall etKciency  of the powei  system.

The modularity of tie W design enables it to be used on
a variety of missions. The number of PMAD modules ean be
adjuded to fit the requirements of the mission.
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